Abstract Protocorm-like bodies (PLBs) of Phalaenopsis bellina were successfully cryopreserved by the encapsulationdehydration approach. Various stages in obtaining successful cryopreservation using this method were optimized. Encapsulated PLBs precultured in half-strength MS medium supplemented with 0.75 M sucrose for 3 days exhibited the highest viability in terms of 2,3,5-triphenyltetrazoliumchloride (TTC) reduction. The amount of sucrose in the PLBs after incubation in different concentrations of sucrose for different periods of time determined by HPLC. The highest sucrose concentration was 7 mg/g of PLBs for the PLBs treated with 0.75 M sucrose for 3 days as compared to the control which had only 1 mg/g sucrose. After sucrose preculture, the PLBs were subjected to desiccation using one of two methods. Desiccation using silica gel was more efficient in reducing PLBs moisture content. After 6 h of desiccation, PLBs desiccated using laminar air flow had 43.5% moisture content while for those desiccated using silica gel had 32% moisture content. PLBs desiccated to different moisture contents were plunged into LN. After storage in LN the encapsulated PLBs were re-warmed. Two weeks after re-warming PLBs viability was determined by TTC reduction and re-growth assessed. Encapsulated PLBs precultured with 0.75 M sucrose for 3 days followed by desiccated using silica gel for 5 h resulting in a moisture content of 39% lead to the highest post re-warming viability in terms of TTC reduction (46.6% of control PLBs) and 30% re-growth.
Introduction
Cryopreservation provides a means of storing biological material at ultra-low temperatures, normally that of liquid nitrogen, LN, (-196°C) . To date, it is the only viable technique for long-term germplasm conservation of vegetatively propagated plant species. At such low temperature, cellular divisions and the metabolic processes of cryopreserved cells stop, lack of available energy. Thus, the plant materials can be stored, theoretically, stably for an infinite period of time (Bajaj 1995; Towill 1996; Engelmann 2000; Burritt 2008 ). Cryopreservation also offers other advantages, compared to other available storage approaches, such as stability of phenotypic and genotypic characters, minimal storage space and maintenance requirements (Engelmann 1997; Martinez et al. 1999; Sakai et al. 2000; Gonzalez-Arnoa et al. 2008) .
Cryopreservation of vegetative tissue involve several stages, specifically establishment of in vitro cultures, conditioning of these tissues, addition of an appropriate cryoprotectant, exposure of cultures to ultra-low temperature, re-warming and regeneration of plant cells and tissues (Bajaj 1995) . Each stage plays an important role in determining the survival of tissue upon re-warming. Hence, in developing a cryopreservation system for a species, including orchids, these stages need to be optimized.
Cryopreservation protocols that are effective for diverse species or cultivars are needed for the practical integration of cryopreservation within conservation and gene-banking programs (Reed et al. 2003; Pilatti et al. 2011) . In orchids, PLBs are often used as the explant tissue to establish cultures or to regenerate into plantlets (Young et al. 2000) . PLBs of orchids are small organs that readily develop into whole plants, to date, only a limited number of studies have been reported on the cryopreservation of PLBs for example in Vanda pumila (Na and Kondo 1996) , Bletilla striata (Ishikawa et al. 1997; Hirano et al. 2005) , Geodorum densiflorum (Datta et al. 1999; Luo et al. 2008) , Doritaenopsis (Tsukazaki et al. 2000) and Dendrobium (Walter Oumae) (Lurswijidjarus and Thammasiri 2004) .
Three cryopreservation techniques have been applied to orchid species, including desiccation (air-drying), vitrification and encapsulation-dehydration (Hirano et al. 2006; Tsai et al. 2009 ). However, the frequency of success for the desiccation the vitrification based techniques has been low (Wusteman et al. 2002) . This is because the desiccation technique involves direct dehydration of naked PLBs which are very sensitive to dehydration while the vitrification technique uses high concentrations of chemicals which can be toxic. However, it appears that the encapsulation-dehydration method may be the most suitable as it results in a high survival frequency after cryogenic storage as reported for Cleisostoma areitinum (Rchb.f.) by Maneerattanarungroj et al. (2007) . This increased survival could be due to encapsulation of the PLBs within calcium alginate beads that protect them from direct damage when subjected to desiccation (Mallon et al. 2007; Srivastava et al. 2009 ) and the avoidance of toxic cryoprotectants as the encapsulated PLBs are placed on sucrose-enriched medium. The sucrose molarities in the beads is further increased by desiccation which results in a glass transition during cooling in LN, preventing ice crystal formation (a cause of lethal damage to living cells) during exposure to ultra-low temperature (Engelmann and Takagi 2000) .
Phalaenopsis bellina is a fragrant monopodial orchid which is native to Malaysia and is traditionally problematic to culture in vitro as induction and proliferation take a long time (Hsiao et al. 2006) . However, recently and efficient protocol for the induction and proliferation for this orchid has been established (Khoddamzadeh et al. 2010) . Due to the difficulties in inducing PLBs of Phalaenopsis bellina, it is very important to establish a method to store the PLBs to ensure valuable germplasm is not lost due to the risks associated with maintenance by regular subculture. Therefore the aim of this study was to develop an encapsulation-dehydration cryopreservation method for the long-term storage of Phalaenopsis bellina PLBs.
Materials and methods
PLBs were induced from leaf segments of Phalaenopsis bellina (Rchb.f.) Christenson obtained from a single plant as described by Khoddamzadeh et al. (2010) and allowed to proliferate for 6 months in order to obtain the required number of PLBs for this study (Fig. 1a) . Uniform sized PLBs (Fig. 1b) measuring 3-5 mm in diameter were used in this study.
Encapsulation of PLBs
The PLBs were separated, blot dried, mixed into a solution of 4% (w/v) sodium alginate ISigma Chemical Co) in strength liquid MS medium free of calcium, growth regulators and iron and then dropped one by one into the strength liquid MS medium supplemented with 75 mM CaCl 2 Á2H 2 O using 10 ml disposable pipette tips with cut ends to give a diameter of 6 cm. The beads, each containing a single PLB, were left in the CaCl 2 Á2H 2 O solution to polymerize for 30 min on a gyratory shaker (75 rpm). The resulting beads (Fig. 1c) were recovered by decanting off the CaCl 2 Á2H 2 O solution and washed three times with sterilized de-ionized water thrice.
Preculture treatment
Encapsulated PLBs were placed in erlenmeyer flasks (100 ml) and precultured in strength liquid MS medium supplemented with 0 (control), 0.5, 0.75, 1.00 or 1.25 M sucrose for 0, 1, 3, 5 or 7 days with agitation (75 rpm). Subsequently the encapsulated PLBs were either plunged into LN (as described below) or used to determine sucrose concentration within the PLBs using High-Performance Liquid Chromatography (HPLC) as described below. After stoage in LN for at least 1 h, the PLBs were re-warmed (as described below) removed from the beads and their viability assessed by triphenyl tetrazolium chloride (TTC) reduction (see below). The experiment was arranged in a factorial based completely randomized design (CRD) with four replicates, each replicate consist of five PLBs. The significance of the data was determined by analysis of variance and treatment means were compared by using Duncan's Multiple Range Test (DMRT) (P B 0.05) (Duncan 1955) .
Viability assessment by TTC reduction
The viability of PLBs, after rewarming, was determined by the reduction of TTC to formazan as a result of the action of dehydrogenase in cells and tissues. PLBs weighing (Steponkus and Lanphear 1967) 150 mg (fresh weight) were placed into test tubes containing 3 ml of TTC solution (0.18 M) and incubated for 15 h at 30°C. After which the TTC solution was drained off and the cells were washed with distilled water. The PLBs were then centrifuged (80g for 5 min) and the distilled water removed. The formazin colour complex was extracted with 7 ml of 95% (v/v) ethanol in each tube for 20 min at room temperature and then at 80°C in a water bath for 5 min. The extract was cooled and the volume adjusted to 10 ml with 95% (v/v) ethanol. The samples were vortexed to allow even mixing of the formazin colour complex and centrifuged (80g for 5 min) to sediment the cell debris. The absorbance of the supernatant was measured at 530 n, against an ethanol blank. The viability of the PLBs was expressed as a percentage of non-frozen control samples.
Determining the sucrose concentration after preculture using HPLC The HPLC method of Hunt et al. (1977) was used to determine the amount of sucrose in PLBs after preculture with slight modifications in the solvent used. One gram of PLBs was heated with 10 ml methanol in a steam bath (80°C) for 30 min. The mixture was filtered through a Whatman No.1 filter paper into a round bottom flask and the residue was re-extracted twice in 7.5 ml portions of methanol, and filtered. The filtrate was evaporated to about 1 ml under vacuum at 50°C in a rotary evaporator. The volume was made up to 1 ml in a volumetric flask. The solution was then filtered through 0.45 lm membrane filter, using a syringe followed by injection volume, which was 10 ll.
Soluble sugars in the supernatant were separated by HPLC (Jusco-R1-1530, Japan) with a SUPELCOSILTM LC-NH 2 5 Lm, column (25 cm 3 4.6 mm). The mobile phase consisted of acetonitrile-water (75: 25), and the flow rate was set at 1.5 ml/min. Sucrose was collected in the non-retained fraction during this HPLC purification step. Quantification of sugar in samples was performed by standardization with external sucrose. A calibration curve was obtained for sucrose. Sucrose in the samples was quantified by comparing peak areas of samples with those of sucrose standard.
Comparison of different desiccation methods on PLBs viability
After preculture under optimal conditions (0.75 M sucrose after 3 days), beads were rapidly surface-dried by rolling on sterile filter paper to remove any remaining liquid preculture medium and were subjected to dehydration by evaporation at room temperature. Two desiccation methods were used in this study: (1) dehydration under the air current of a laminar air flow cabinet for 1, 2, 3, 4, 5 or 6 h, (2) dehydration in sealed Petri dish (9 cm in diameter) containing 50 g dry silica gel held at 25°C for 1, 2, 3, 4, 5 and 6 h. A control treatment of encapsulated PLBs without desiccation was also included. The experimental analysis was factorial based on CRD with four replicates.
Moisture content determination
The moisture content of encapsulated PLBs after laminar air flow or silica gel dehydration was determined by using the high constant temperature oven method (ISTA 2005) . After a given period of dehydration PLBs were excised from the alginate beads and placed on a pre-weighed aluminum boat, the weight of boat with PLBs was recorded and then the boat and PLBs were placed in the oven at 130°C for 1 h. Upon removal from the oven, the PLBs were placed in a desiccator to cool. After about 20 min, the boat with the dried PLBs was reweighed. The moisture content was determined as the loss of weight and expressed as a percentage of initial fresh weight. The PLBs moisture content percentage of non-desiccated PLBs was calculated using the below formula (ISTA 2005) .
W 1 = weight of aluminum boat, W 2 = weight of aluminum boat ? encapsulated PLBs before drying, W 3 = weight of aluminum boat ? encapsulated PLBs after drying.
Immersion in LN and re-warming
The sucrose precultured and/or desiccated beads were transferred to 1.8 ml polypropylene sterile cryotubes (five encapsulated PLBs in each cryotube) and directly immersed into liquid nitrogen for 1 h in the dark. Cryotubes were then warmed rapidly by immersion in a water bath at 38 ± 2°C for 2 min.
PLB survival and re-growth
After re-warming encapsulated PLBs were transferred onto Petri dishes containing MS semi-solid medium supplemented with 100 mg/l myo-inositol, 0.5 mg/l niacin, 0.5 mg/l pyroxidine HCL, 0.1 mg/l thiamine HCL, 2.0 mg/l glycine (Tokuhara and Mii 2003; Chen and Chang 2004) , 3 mg/l TDZ, 2% w/v sucrose and 3 g/l gelrite with 10% w/v fresh ripen banana extract (Islam et al. 2003) (pH 5.6) for 2 weeks. PLBs were recorded as viable if they showed signs of growth i.e. maintained their green colour and expanded in size (Wang et al. 2003) . In addition, the PLBs were categorized based on color as surviving cryopreservation if they were green or dead if white or yellow/black in colour.
Results

Effect of preculture treatment on the viability of encapsulated PLBs
Four concentrations of sucrose ranging from 0 to 1.25 M were tested for different incubation periods (0-7 days) in order to optimize the preculture conditions. PLBs cultured in medium without sucrose was used as the control. PLB viability after preculture was significantly (P B 0.05) affected by sucrose concentrations and incubation durations as determined by TTC reduction. PLBs which were not subjected to preculture treatment had very low viability as indicated by the absorbance value (A 530nm 0.05). An increase of almost threefold was observed when PLBs were precultured for 1 day (A 530nm 0.28) in medium containing 0.5 M sucrose. Irrespective of the duration in culture, the viability of the PLBs increased with the increase of the sucrose concentration in the media, reaching a maximum at 0.75 M sucrose followed by a decrease thereafter (Fig. 2) . Viability of PLBs was highest when cultured on medium supplemented with 0.75 M sucrose for 3 days (A 530nm 0.37) (Fig. 2) . The viability decreased when preculture was extended for 5 days or greater in 1.25 M sucrose (A 530nm 0.33) (Fig. 2) .
Sucrose concentration in PLBs after preculture HPLC was used to determine the amount of sucrose, which penetrated the PLBs during preculture. The levels of sucrose in preculture PLBs was shown to be significantly (P B 0.05) influenced by both the concentration of sucrose in the preculture media and the duration of preculture. The highest sucrose concentration with 7 mg/g was observed in PLBs in 1/2 strength MS media supplemented with 0.75 M sucrose after 3 days (Fig. 3) . The PLBs precultured even at the lowest sucrose concentration of 0.5 M for 1 day showed higher amount of sucrose compared to the control (1 mg/g), although this increase was not statistically significant (Fig. 3) .
Effect of different desiccation method on moisture content
Encapsulated PLBs subjected to preculture within 0.75 M sucrose for 3 days were desiccated using the air flow provided by the laminar air flow or silica gel. The initial moisture content of the encapsulated PLBs was 68%. Upon dehydration using the laminar air flow the moisture content gradually reduced to 43.5% after 6 h (Fig. 4) . In the first hour, the moisture content fell sharply (about 7%) in comparison with later stages of the desiccation (Fig. 4) .
Silica gel, resulted in a lower reduction in moisture content (2%) during the initial incubation period, but with the increase in the dehydration time, water content fell to 32% after 6 h (Fig. 4) .
Viability and re-growth of PLBs after cryopreservation Viability of PLBs determined by TTC reduction showed significant (P B 0.05) difference with different dehydration durations. Desiccation was necessary to ensure increased viability. The highest viability recorded based on TTC reduction after cryopreservation was 46.6% (A 530nm 0.2) after 5 h of dehydration, whereas the control treatment (0 h dehydration) showed 6.8% (A 530nm 0.03) (Fig. 5) .
Re-growth ability of PLBs was significantly (P B 0.05) affected by the duration of dehydration. PLBs subjected to 5 h dehydration followed by freezing exhibited, 30% of re-growth 2 weeks after re-warming (Figs. 6, 7a) . The lowest re-growth was 0% in control treatment followed by 10% after 1 h of dehydration (Fig. 6) . The TTC reduction results correlated well with the re-growth ability. Some encapsulated PLBs appeared white (Fig. 7b) after storage in LN while most of the other encapsulated PLBs turned brown after 2 weeks of post re-warming culture (Table 1 ; Fig. 7c ). Fig. 4 Changes of the moisture content of encapsulated PLBs during dehydration by airdrying in a laminar flow chamber and over silica gel for 0-6 h. Bars represent standard error differences of means (±SEM). Mean values followed by the same letter are not significant at P B 0.05 by DMRT Fig. 5 The influence of desiccation duration on the frequency of PLB survival after cryopreservation as assessed by TTC reduction. Bars represent standard error differences of means (±SEM). Mean values followed by the same letter are not significant at P B 0.05 by DMRT. Note Unfrozen sample showed 100% viability Fig. 6 The influence of desiccation duration on the frequency of PLBs on re-growth after cryopreservation. Bars represent standard error differences of means (±SEM). Mean values followed by the same letter are not significant at P B 0.05 by DMRT. Note Unfrozen sample showed 100% viability
Discussion
To establish a cryopreservation protocol for Phalaenopsis bellina PLBs, various steps in the encapsulation-dehydration cryopreservation protocol were optimized to give a maximum of 30% re-growth after re-warming. In this study, initially the response of PLBs to preculture on sucrose was determined. This is important as preculture on sucrose has been shown to provide the opportunity to increase tolerance to both desiccation and freezing in LN. The viability based on TTC reduction of PLBs was highest when they were precultured on medium supplemented with 0.75 M sucrose for 3 days. This concurs with the report by Engelmann (2009) that 0.75 M is the most common concentration for conditioning many types of explants prior to exposure LN. However, other reports have shown that the response can be species specific such as in grape shoot-tips which gave 70-80% survival after preculture in 0.25 M sucrose (Plessis et al. 1991) and in Digitalis thapsi which responded well to preculture in 0.3 M sucrose giving a 30% survival after cryopreservation (Moran et al. 1999) . Soluble sugars especially sucrose has been generally used as additive to precondition plant materials (Hirata et al. 1998; Hitmi et al. 1999; Bachiri et al. 2000) , due to the ability of sucrose to protect the cellular membranes through moisture replacement and to protect the cytoplasm by transition into a vitrified state. However, the preculture concentration is very important and differs between plant species (Koster 1991) . In this study, as the concentration of sucrose increased beyond 0.75 M, the viability of PLBs decreased (Fig. 3) . High sucrose concentrations have been previously reported to have toxic effect in cryopreservation of some species including coffee, hop and sugarcane (Paulet et al. 1993; Mari et al. 1995; Martinez et al. 1999) . Tsukazaki et al. (2000) reported that preculture of Doritaenopsis suspension culture on medium containing 0.1 M sucrose for 7 days gave the highest viability after immersion in LN. However, incubation beyond 7 days resulted in lower survival, probably due to tissue growth and changes in the physiological condition. The duration of preculture is significant as it needs to ensure optimal conditions to minimize cell injuries during cryopreservation which is critical to the survival of explants exposed to LN (Touchell et al. 2002) . The OH groups of sucrose could replace water and interact with membrane phospholipids, which subsequently stabilize cellular membranes and protect the cells from damage during LN exposure (Turner et al. 2001) . Preculture in sucrose increased the amount of sucrose inside the cells. PLBs precultured even at lowest sucrose concentration (0.5 M) for 1 day showed higher amount of cellular sucrose compared to the control with 1 mg/g PLBs dry matter. This result supports the observation that sucrose can reduce the freezable water by osmotic effect (Panis and Thinh 2001) . This study shows that at lower concentrations of sucrose in the preculture medium there is an influx of sucrose into the PLBs, but with the increase of sucrose concentration in preculture media (1.25 M sucrose), the accumulation of sucrose into the PLBs was hindered. When the tissues are exposed to extremely high sucrose concentration, the cell will be over dehydrated this will lead to severe plasmolysis and plasmalemma rapture leading to cell death and inhabitation of sucrose accumulation (Popov et al. 2006) . Desiccation using silica gel was able to extract more water from the PLBs as compared to the laminar air flow cabinet. This is due to the environment surrounding the laminar air flow which had around 55-60% RH while the RH in the closed system provided by the silica gel was 40-50%. In addition the RH of the laminar air flow is dependent on the ambient air humidity thus reproducibility can be compromised. The advantage of using silica gel dehydration has been highlighted by Vertucci and Roos (1991) who found that drying with silica gel enhanced the effect of desiccation on plant samples before immersion in LN. Muthusamy et al. (2005) reported that silica gel or saturated salt solutions rather than air drying could improve recovery of some poor-performing genotypes especially of tropical germplasm. This study demonstrated that for sensitive organs like PLBs using the silica gel is more appropriate than laminar air flow because of a slower decrease in moisture content in the initial hours which can give the opportunity to PLBs to adapt themselves to dehydration stress. The moisture content in plant samples before immersion in LN is the key factor in developing successful cryopreservation protocols (Zhang et al. 2001) . Bian et al. (2002) reported, when PLBs are not dehydrated sufficiently, injury after immersion in LN can occur due to intracellular ice formation; while if over over-dehydrated, the osmotic stress can be damaging. Therefore, cells and tissues to be cryopreserved must be sufficiently desiccated in order to be vitrified before immersion into LN. Vitrification based procedures for cryopreservation eliminates the need for controlled slow freezing step and allows cells to be cryopreserved by direct transfer into LN (Langis and Steponkus 1991; Bian et al. 2002) . In addition, Wang et al. (2002) reported that the optimal moisture content of encapsulated tissues for survival not only varies among plant species but even among varieties due to different species and even varieties of the same species having different dehydration tolerance.
In general, the moisture content of encapsulated plant tissue that ensures the highest survival after cooling in LN is between 20 and 40%, which is comparable to the amount of un-freezable water in plant propagules and seeds. Scottez et al. (1992) reported 27% moisture content for pear apical shoot-tips encapsulated in alginic acid. Highest survival for encapsulated meristems of apple and mulberry was when the moisture content was 33% (Niino and Sakai 1992) while for embryos of oilseed rape the best survival was at 18-20% moisture content (Uragami et al. 1993) . Azalea shoots encapsulated in alginate beads had 38.6% moisture content when survival was observed (Verleysen et al. 2005) . In this report, PLBs dehydrated with silica gel up to 32% of moisture content after 6 h of dehydration showed higher survival in comparison with desiccation using laminar air flow cabinet namely 30 and 43.5% respectively. Working with orchids, Jitsopakul et al. (2007) reported 35% moisture content in encapsulated PLBs in Vanda coerulea after 8 h of dehydration. Although the moisture content required for successful cryopreservation is relatively similar, it is essential to determine optimal dehydration period for each explant type before its cryopreservation and its long-term conservation, as even taxonomically closely related plants species can respond differently (Dumet et al. 1993; Engelmann 2009 ).
TTC reduction is frequently employed to determine the viability of cells subjected to various stress factors such as cold, salinity, heat and provide a guide to predict the success of experiments (Whiters 1985; Ishikawa et al. 1995; Florin et al. 2000) . Although TTC has been widely used as a fast and inexpensive test, there have been problems associated with its use as an indicator of post re-warming viability (Pelah et al. 2003) . Abnormal inorganic reactions may interfere and intensify formazan production from TTC (Whiters 1985; Mikula et al. 2006) . Although in this study there was a reasonable correlation between TTC reduction and re-growth it is generally advisable to combine TTC observations with determinates of tissue recovery after cryopreservation.
Increasing the dehydration time resulted in decrease of moisture content in PLBs which improved viability and re-growth ability of PLBs. PLBs desiccated for 5 h had the highest viability of 46.6% (A 530nm 0.2) but further desiccation to 6 h reduced viability (Figs. 6, 7) . When excessively desiccated membranes undergo structural changes and proteins denature (Hoekstra et al. 2001 ). On the contrary, high moisture content in normal cells under cryopreservation can produce intracellular ice crystals during immersion in LN which causes loss of viability and re-growth ability in samples after re-warming (Hoekstra et al. 2001; Bian et al. 2002; Popov et al. 2006 ). However, Lambardi et al. (2000) reported that low levels of crystallisable water within the plant material are important in ensuring high recovery percentages after the cryostorage. The low level of free water in the cells could be the reason that desiccation for 5 h resulting in a moisture content of 39% had increased viability.
In this report, 30% of PLB exhibited re-growth 2 weeks after re-warming were they had been subjected to 5 h of dehydration prior to freezing. Similar values for re-growth were reported by Maneerattanarungroj et al. (2007) with 37% re-growth of Dendrobium virgineum. Lurswijidjarus and Thammasiri (2004) reported Dendrobium (Walter Oumae) exhibited 13.3% re-growth, and Jitsopakul et al. (2007) reported 40% regrowth of Vanda coerulea PLBs after 8 h of dehydration.
Growth responses following cryopreservation differ among plant species and cultivars. This could be attributed to differences in their normal physiological status (Chang et al. 1992) , genotype response to low temperatures (Benson et al. 1996) and cryopreservation protocols (Reed et al. 2001) . Greening is usually the first observable sign of re-growth from cryopreserved materials (Duran-Villa 1995). PLBs which turn white, brown, and black or appear bleached indicate dead PLBs (Zhao et al. 2007; Yin and Hong 2009; Hong and Yin 2009; Yin and Hong 2010) . Non-desiccated PLBs of Phalaenopsis bellina, subjected to LN exposure showed no re-growth. All PLBs turned black within 2 weeks re-warming. PLBs subjected to 1 and 2 h of desiccation had 60% blackening. This phenomenon probably occurred because of damage caused by oxidative reactions during re-warming (Verleysen et al. 2004 ).
Conclusion
Successful cryopreservation was observed when PLBs of Phalaenopsis bellina measuring 4-5 mm in length were first encapsulated with 3% w/v calcium alginate, precultured in medium containing 0.75 M sucrose for 3 days, desiccated using silica gel for 5 h to 39% moisture content and plunged into LN. This resulted in 30% regeneration after cryopreservation. The sucrose concentration in the PLBs determined using the HPLC revealed that was the highest amount of sucrose penetration was found for PLBs cultured on 0.75 M, coinciding with the highest viability. It is concluded that PLBs of Phalaenopsis bellina can be stored long-term using cryopreservation if the PLBs are pretreated and desiccated to the required moisture content for successful cryopreservation. Further studies will be required for better understanding of cryoprotectant actions and optimization of the recovery pathway in order to increase the survival rate. This study provides a strong basis for establishment and optimization of cryoprotocols for other orchid species.
